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READERS of Nuclear Information don’t need to be 
reminded that radiation from fallout, nuclear wastes, 
and x-rays constitutes a hazard to the health of people 
now living, and to the well-being of their descendants. 
Because this hazard is new, its full magnitude is not yet 
known, In part we are going to have to wait and learn, 
sometimes from hard experience, just what radiation is 
doing to us. But meanwhile, we need to find out as much 
as we Can, aS Soon as we can. 

We might try to find out, for example, what happens 
to people in areas where the rocks are radioactive, or 
where there is radium in the drinking water. To the 
General Advisory Committee of the Atomic Energy Com- 
mission, such areas are a source of assurance. In a 
statement issued last March, the Committee pointed out 


that human beings have lived “for many generations” in- 


areas where the naturally-occurring radiation is “100 times 
the average amount of radiation from fallout in the United 
States,” and that the amount of strontium-90 in food and 
water “is less of a hazard than the amount of radium 
normally present in public drinking water supply in cer- 
tain places in the United States, and in public use for 
many decades.”! The inference is that since people 
survive in such areas, the radiation must be harmless. 
But what would a close look at the situation reveal? 


Why So Many Cleft Palates? 

A study showing what happens to people in radio- 
active areas was published last year by Dr. John T. 
Gentry, Regional Health Director in the New York State 
Department of Health, and two colleagues, Elizabeth 
Parkhurst and George V. Bulin, Jr. Dr. Gentry’s attention 
was drawn to the problem in 1954 when the director of 
the Syracuse University Speech and Hearing Center 
pointed out to him that one county in northern New York 
state was producing a large number of patients with 
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cleft palates. Cleft palate is a defect that develops in 
the fetus long before birth. It is known to be inherited, 
having been traced in the pedigrees of human families. 2 
Why should an inherited disorder be exceptionally fre- 
quent in a limited geographical area? 

Dr. Gentry looked into the occurrence of other mal- 
formations among newborn infants in the northern county. 
Data from the New York State Office of Vital Statistics 
showed that all kinds of malformations were unusually 
frequent in that one county. Next, information from the 
AEC revealed that the granite outcrops in the Adirondack 
Mountain area where the county is located, are rich in 
radioactive uranium. So the problem was posed: does the 
radioactivity cause the birth defects? 


How do You Find the Answer? 

Answering a question like that takes a lot of work. 
First, one has to find out how much radioactivity is 
found in the rocks and in the water in various areas. 
Second, one has to determine how frequently malforma- 
tions appear in areas with high and with low natural 
radioactivity. If enough cases can be piled up, one may 
have a basis for stating conclusively that radiation is or 
is not associated with defects in newborn infants. 

Fortunately, the geologists have mapped the radio- 
activity of New York state rather thoroughly. Highest 
activity occurs in the silicon-rich rocks that lie at or 
near the surface in parts of the Adirondacks and the 
Highlands of the Hudson River. The Hudson Valley has 
black shale formations that are also active. Variable but 
often substantial radioactivity is found in the masses of 
rock debris that the retreating glaciers of the last Ice 
Age deposited over various parts of the state. On the 
basis of these observations, Dr. Gentry and his colleagues 
were able to classify the townships of the state (exclu- 
sive of New York City) as “probable” (i.e., having high 


"Radiation and Birth Defects” is based on two articles 
printed in the Hearings before the Special Subcommittee on 
Radiation of the Joint Committee on Atomic Energy, Congress 
of the Uniced States (Holifield committee), May 5-8, 1959. The 
first of these is the paper, “An Epidemological Study of 
Congenital Malformation in New York State,” by Gentry, 
Parkhurst and Bulin, which appeared in 1959 in the American 
Journal of Public Health, vol. 49, p. 497. This paper was 
placed in the records of the hearings by Dr. James E. McDonald 
of the Institute of Atmospheric Physics, University of Arizona. 
Dr. McDonald also included a paper called “A Study in Genetic 
Damage,” a thorough and extensive reexamination calling 
attention to the importance of the Gentry study. We ate grateful 
to Dr. McDonald for allowing us to make use of his paper, 


Copyright 1960, Greater St. Louis Citizens’ Committee for Nuclear Information. 


ABOUT THIS ARTICLE ’ 


which has not been published except in the Hearings. 

The importance of these two papers lies in the fact that they 
deal with the effects of small amounts of radiation. The harmful 
effects of large doses of radiation are well known. But we 
urgently need to know more about what to expect as small 
amounts of radiation from fallout are added to the natural en- 
vironmental radiation we receive from rocks and from cosmic 
rays. If there are no more nuclear explosions, fallout radiation 
will reach its peak around 1964-65; at that time it will be, in 
the St. Louis area, about equal to the radiation we now get 
from natural sources. What the results of this much extra 
radiation might be, is suggested by the Gentry, Parkhurst and 
Bulin study of areas where natural radiation is considerably 
higher than it is in our region. 
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natural radioactivity from rocks), or “unlikely” (i.e., 
having little or no natural radioactivity). 


Thousands of Birth Certificates 

The birth certificate used in upstate New York asks 
the attending physician to state whether the child has a 
“congenital malformation.” (The term means a defect 
existing at the time of birth.) Dr. Gentry’s group studied 
the birth certificates for the years 1948-55, as well as 
the death certificates of children under the age of five 
years. Altogether they found 13,248 births with malforma- 
tions reported on the birth certificates, and 3121 more 
malformations reported only on the death certificates — a 
total of 16,369 defective infants, or 13.2 out of évery 
1000 live births. There was very little difference in 
frequency of malformations in urban and rural areas 
generally. 

But a striking difference appears when malformation 
rates are compared in “probable” and in “unlikely” 
areas. For the former, the rate is 15.1 defective infants 
per 1000 live births; for the latter, it is 12.8. Considering 
the large number of cases involved, this difference can 
hardly be the result of mere chance. 

When different kinds of congenital disorders were con- 
sidered separately, it appeared that every type, with one 
interesting exception, was more common in “probable” 
than in “unlikely” areas. The table shows the malforma- 

. tion rates for 7444 defective infants, classified as to 


. area, 


This table shows the number of infants with various types of 
malformations born in rural areas of New York state between 
1948 and 1955. The figures are based on 1809 malformed infants 
born in “probable” areas, and 5635 born in “unlikely” areas. 
The areas are classified as “probable” if radioactive elements 
are abundant in the rocks and soil. 
Number malformed infants 
per 1000 live births in 

“Probable” areas “Unlikely” areas 


Kind of malformation 


All malformations together 15.8 12.9 
Central nervous system Me, 2.0 
Hare lip, cleft palate 1.6 1.2 
Circulatory system 2.6 2.1 
Digestive system 1.1 0.9 
Genito-urinary system 1.3 1.0 
Club foot 2.3 1.8 
Bones and joints 1.3 1.3 
Other or unspecified A 2.5 
Mongolian idiocy 0.3 0.3 


What do the Differences Mean? 

It is interesting that every defect except mongolian 
idiocy is somewhat more prevalent in the areas with high 
natural radioactivity. Yet the absolute differences are 
small. Take the nervous system, for example: the data 
show that of every 10,000 infants born alive in the 
“probable” areas, 22 would be expected to have defects 
in this system (brain and spinal cord), as against 20 in 
the “unlikely” areas. Does that difference of 2 really 
mean anything, or is it just a chance difference that 
might not reappear in another study involving the same 
number of individuals? 


Here we have to consider what is called “statistical 
Significance.” Biologists are always performing experi- 
ments in which one group of animals (or plants) is given 
some experimental treatment (for example, is fed a new 
drug), while another “control” group is not given the 
treatment. After a time some difference may appear be- 
tween the two groups — perhaps the average weight of 
the “experimentals” becomes less than that of the 
“controls.” Unless the difference is a very large one, it 
may be due simply to chance, and not to the treatment at 
all. To deal with situations like this, statisticians have 
devised some mathematical tests that enable the experi- 
menter to determine whether his results are meaningful 
or “significant.” 


The Differences are Significant 

Dr. Gentry and his colleagues did not analyze their 
findings for significance. Rather they were content to 
conclude, quite reasonably, that “The data upon which 
this report is based relate to such a substantial number 
of births that most of the differences indicated would be 
statistically significant by whatever tests devised. How- 
ever, the real significance lies in the overwhelming con- 
sistency ofthe pattern which is shown in the relationship 
of malformation rates to geology.”> But Dr. James E. 
McDonald of the University of Arizona, has taken the 
Gentry data and put them through statistical tests. His 
findings fully confirm the original authors’ conclusion 
that the larger number of malformations in the “probable” 
areas are meaningful, and not just random differences. 

First, he looked into the overall rates for the two 
kinds of rural areas: 15.8 per 1000 for “probable”; 12.9, 
for “unlikely.” Ordinarily, experimenters are satisfied if 
analysis shows that there are 95 chances in 100 that a 
set of results are really due to the experimental treat- 
ment. By contrast, there is only one chance in a billion 
that the difference of 2.9 malformations per 1000 live 
births is not significant! Clearly then, in areas of high 
radioactivity, some agent is at work that causes the 
birth of more defective infants than in comparable areas 
with low activity. 


Other Meaningful Correlations 

Further, McDonald was able to show that there is a 
meaningful correlation between amount of radioactivity 
and incidence of malformation. Separating out the figures 
for just those townships that stand on the intensely 
active silicic rock, he found a rate of 17.5 per thousand. 
The difference between this high figure and the 12.9 for 
“unlikely” areas is again highly significant. 

In addition, the Arizona physicist examined the signi- 
ficance of the different incidences of each of the reported 
kinds of malformation. Every difference proved to be 
meaningful. Thus, for example, there are 96 chances in 
100 that the small differences in central nervous system 
disorders (2.2 as against 2.0 per 1000) is really signi- 
ficant. For all the other malformations, the likelihood 
that the same difference would be obtained again was 
even better than that. So it seems clear that the greater 
number of cleft palates, club feet, closed digestive 
tracts, and all the other defects, is caused by some in- 
fluence acting in the areas where there is a considerable 
amount of natural radioactivity. 
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Malformation and Heredity 

Perhaps the most important question we can ask about 
Gentry’s findings is whether the observed malformations 
are genetic in nature. That is, do people growing up and 
living in areas of high radioactivity undergo mutations, 
so that their eggs and spermatozoa produce defective 
offspring? Or does the higher rate of malformation operate 
only within the body of the pregnant woman, so that the 
infant she carries is injured as it develops? The suspi- 
cion that mutations are occurring is based on the well 


known fact, verified in hundreds of laboratory experi- 
ments, that radiation does cause genes to mutate in 
plants and in animals of all kinds. 

To the parents of a defective infant, the question may 
seem academic; but to society as a whole, it is not 
academic. If low continuous radiation is causing genes 
to mutate, than any small increase in radiation will in- 
crease the number of damaged genes carried by the popu- 
lation. Such genes will express themselves — in mal- 
formations and defects of many sorts — for generations 
to come. People living in areas where radiation in the 
environment is high, are in a sense the subjects of an 
experiment being carried out by nature. We should study 
the results of that “experiment” to learn as much as we 
can about just what is behind the high rate of malforma- 
tion in places where the rocks are radioactive. 


Are the Defects Genetic? 

Actually, it is not easy to find out whether a given 
kind of congenital malformation is genetic, or is due only 
to unfavorable influences acting within the uterus. 
Students of human heredity, however, have learned a 
great deal about the causes of numerous physical de- 
fects by searching family pedigrees; by examining the oc- 
curence of defects in identical twins (who have exactly the 
same genetic equipment); and by determining whether the 
same defect tends to recur among children of the same par- 
ents. The greatest assurance that a condition is inherited 
is derived from the study of pedigrees, for if a defect shows 
up in several generations of a single family, a gene or 
genes are very probably involved. Actually, though, it 
takes more than a gene to cause a defect. For reasons 
not clearly understood, the constitution of the mother is 
important in determining whether a given gene will be 
able to express itself. Cleft palate, for example, is con- 
ceded to be caused by a gene, but other factors must 
play a role too. Thus, when one identical twin has a 
cleft palate, the other is normal in oné pair out of four, 
despite the fact that both have the same genetic equip- 
ment. Evidently, influences acting within the uterus 
may affect the twins unequally, so that the cleft palate 
gene which both carry, exerts an effect in one but not 
the other. 

Of the malformations reported in the Gentry study (see 
table), hare lip and cleft palate, and also club foot, are 
known to be inherited.2-4 These disorders are sharply 
increased in areas of high radioactivity. Mongolian 
idiocy (so-called because the child has the coarse black 
hair and yellow skin of a Mongol) also has a genetic 
basis, but is strongly influenced by non-genetic factors, 
for it tends to appear frequently only in children of 
mothers past 40 years of age;‘ it is interesting that this 


is the one defect that is equally frequent in “unlikely” 
and in “probable” areas. Since all the other malformations 
in the study were reported only in general terms, it is not 
possible to decide to what extent they are caused by 
genetic factors. Nevertheless, a number of specific de- 
fects of the nervous, genito-urinary, circulatory, and 
digestive systems, as well as of the bones and joints, 
are known to be heritable. It therefore seems reasonable 
to conclude that many (perhaps most) of the congenital 
malformations covered by the Gentry study are caused by 
defective genes. In turn, the defective or mutated genes 
seem to be more abundant in areas of high radioactivity. 
This does not prove that the radioactivity caused the 
mutations — but it certainly shows that the possibility 
deserves to be taken seriously. 


Is it the Soil — or the Water? 

The reader may well ask how radioactivity in the 
rocks can affect people’s sex glands. The mutations 
might be caused by radiation escaping into the atmos- 
phere, or by radioactive particles taken in with food or 
water. Dr. Gentry’s group looked into this problem, and 
produced some interesting results which Dr. McDonald 
has analyzed further. 

The study established that in “probable” areas, mal- 
formations are commoner in rural than in urban localities. 
This fact:is suggestive, since rural people live in close 
contact with the soil. The inference is borne out when 
the father’s occupation is taken into account. Although 
men in almost all occupations father more defective 
children in rural “probable” areas than in rural “unlikely” 
areas, the difference is greatest for farmers and farm 
laborers. In 1952, farm families in the regions of high 
radioactivity produced malformed infants at the rate of 
21.6 per 1000 live births; for farm families in regions of 
low radioactivity, the rate was only 12.4! 

But one more factor needs to be considered. Farm 
families get their water from wells or springs. If the 
rocks are radioactive, the water that comes through them 
is radioactive too. The water in one Adirondack well was 
found to contain 17 times as much radium as the largest 
amount that had been revealed in an earlier study of 
public water systems.3 McDonald points out that it is 
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important to determine whether the apparent high mutation 
rate among farmers is due to body exposure or to water 
intake. After a major nuclear war, the survivors would 
have to cultivate fields heavily contaminated with fall- 
out. On the other hand, the development of nuclear power 
may, if we are not on our guard, contaminate the rivers 
from which many cities (including St. Louis) get their 
water. 


New York State not a “Hot Spot” 

The demonstration of a correlation between naturally- 
occurring radioactivity and congenital malformation in 
New York state contains several important lessons for 
us all. For one thing, radioactive rocks and shales are 
by no means a peculiarity of that state. Numerous other 
states have: more, or stronger, radiation fields. Protecting 
public health and welfare in such areas is a problem that 
few people are even aware of now. Fortunately, Missouri 
is safe from this point of view, for limestone emits 
little radioactivity. 


A Possible Preview of the Future 

_ A still more important aspect of the Gentry study is 
the authors’ conclusion that if naturally-occurring radia- 
tion can be confirmed as the cause of congenital mal- 
formations, 


it would serve as the basis for establishing 
more realistic and reliable information and standards 
pertaining to the long range effects on man of low 
level, environmental, radiation than those which 
have been extrapolated from laboratory experimen- 
tation with Drosophila and mice. Such information 
would be of special value in evaluating the hazards 
of environmental contamination by radioactive 
wastes and of fallout materials.3 


The Gentry study is unique in suggesting, on the grounds 
of concrete evidence, how human beings may be affected 


by low doses of radiation continued over a long period of 
time. 

The New York findings are also valuable for the way 
in which they illustrate the nature of genetic damage 
from radiation. Exposure to low or moderate doses of 
radiation will not lead to sterility or to the production of 
nameless monsters, as some people fear. What it will 
lead to, if the conclusions indicated by the New York 
study are correct, is the birth of more infants suffering 
from familiar kinds of malformations. The absolute num- 
bers may not be large at worse — even among the farm 
families of the “probable” areas of upstate New York, 
only 21 or 22 babies are defective out of every thousand. 
But the absolute numbers become unimportant when we 
reflect on the grief and suffering that one defective 
baby may bring. 

Nor are the defects present at birth the only ones we 
need be concerned about. Many heritable disorders appear 
in childhood or in adulthood — muscular dystrophy, 
diabetes, epilepsy, certain mental diseases, and many 
other abnormal conditions, common and uncommon, are 
known to have a genetic basis. Any agency, such as 
environmental radiation, that can cause mutations 
leading to defects present at birth, will also cause muta- 
tions that lead to disorders appearing in later life. To 
put it another way, if people living today are not pro- 
tected against the mutation-producing effects of radiation, 
their descendants are going to suffer from significantly 
more disease and disability than afflicts us now. F.M 
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